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CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This is a continuation of application serial 
number 10/001,473 filed November 1, 2001 which claims 
priority under 35 USC 119(e) (l)of provisional application 
number 60/257,326 filed December 20, 2000. 

TECHNICAL FIELD OF THE INVENTION 

[0002] This invention relates in general to the field 
of electronic devices and, more particularly, to an 
improved architecture and method of construction for 
semiconductor on insulator devices . 
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BACKGROUND OF THE INVENTION 

[0003] In a wide variety of applications, integrated 
electronic devices can be formed in a semiconductor layer 
which is disposed outwardly from a buried insulator 
layer. This architecture is commonly referred to as 
semiconductor on insulator or "SOI" architecture. SOI 
architectures are used in a wide variety of digital, 
power and RF applications. The buried insulator layer 
typically comprises a layer of oxide which allows for 
integrated architectures and especially isolation 
techniques that are not available in conventional 
integrated system architectures that are built on 
monolithic semiconductor substrates. 

[0004] SOI structures are typically formed using two 
separate substrates which are bonded together before the 
device grade semiconductor material is exposed. The 
ability to form a cohesive and durable bond between the 
two substrates prior to processing the device layer is 
critical to the overall practicality of the device. If 
the bond is subject to delamination for any reason, the 
reliability of the entire system is degraded. 
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SUMMARY OF THE INVENTION 

[0005] Accordingly, a need has arisen for an SOI 
architecture that provides for a cohesive substrate to 
substrate bond. In accordance with the teachings of the 
present invention, an SOI architecture is provided that 
allows a cohesive substrate bond that includes the 
capability to form buried conductive layers within the 
SOI architecture. 

[0006] According to one embodiment of the present 
invention, a method of forming a electronic device is 
described which comprises forming a buried conductive 
layer. A layer of semiconductor material is then 
deposited outwardly from the buried conductive layer. 
The outer surface of the semiconductor layer can then be 
bonded to an outer substrate. The bonded architecture 
can then be processed to expose a device semiconductor 
layer. 

[0007] An important technical advantage of the present 
invention inheres in the fact that the SOI architecture 
disclosed provides for a buried conductive layer but 
still provides for a cohesive bond between the buried 
substrate and the outer device layers associated with- the 
bonded substrate. 

[0008] According to an alternate embodiment of the 
present invention, a trench can be formed through the 
outer layers penetrating into the inner substrate through 
the buried conductor layer. This trench can then be 
filled with dielectric material. In this manner, 

conductive devices can be formed on the outer surface of 
the dielectric layer which defines a low-loss region. 
Other active devices which benefit from the buried 
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conductor layer can be formed in non-low- loss regions of 
the outer surface of this integrated system. 



TI-30333A 



PATENT APPLICATION 



5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] A more complete understanding of the present 
invention and the advantages thereof may be acquired by 
referring to the accompanying figures in which like 
reference numbers indicate like features and wherein: 
[0010] FIGURES 1A through 1C are sequential, cross- 
sectional, elevational diagrams illustrating an SOI 
architecture and a method of forming the same according 
to the teachings of the present invention. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

[0011] Referring to FIGURE 1A, an inner substrate 10 
is shown which may comprise, for example, single 
crystalline silicon or other suitable semiconductor 
material such as gallium arsenide or the equivalent. 
Inner substrate 10 may have a variety of different 
conductivity characteristics depending upon the necessary 
application. As will be described herein, one potential 
application of the architecture of the present invention 
involves the formation of inductive and non-inductive 
regions in an RF device architecture. In this 

application, semiconductor substrate 10 may have a fairly 
high resistivity on the order of 500Q-cm or greater. For 
more conventional architectures which require the inner 
substrate 10 to be used as a contact point for device 
voltages, substrate 10 may have a much lower resistivity 
on the order of 20Q-cm. 

[0012] Referring again to FIGURE 1A, a buried 
conductive layer 12 is deposited on the outer surface of 
substrate 10. Buried conductive layer 12 may comprise a 
unitary layer of a conductive material such as a layer of 
tungsten deposited to a depth on the order of 5000 
Angstroms or a layer of titanium nitride deposited to a 
depth on the order of 3000 to 4000 Angstroms. If layer 
12 is a unitary sheet of conductive material, it 
comprises a conductive plane underlying the entire device 
layer. In this manner, the buried conductive layer 12 
can be used to communicate supply voltages to the 
entirety of an integrated device. In addition, the 
conductive layer 12 can be used to shield one portion of 
an integrated device from electric fields created by 
inductive devices in other portions of an integrated 
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device. The buried conductive layer 12 also acts as a 
diffusion barrier which allows for the separation of the 
doped substrate from intrinsic semiconductor materials 
disposed outwardly from buried conductive layer 12. 
[0013] According to an alternate embodiment of the 
present invention, conductive layer 12 may comprise a 
layer of conductive interconnects which serve to connect 
various active devices which will be formed in later 
process steps. According to this embodiment, conductive 
layer 12 may be deposited as a single layer of conductive 
material and then patterned and etched using conventional 
photolithographic processes to form the required 
interconnect structures. The teachings of the present 
invention provide for a cohesive bond between the inner 
substrate 10 and the outer substrate to be described 
herein regardless of whether conductive layer 12 is a 
unitary structure or a mesh of conductive interconnects. 
[0014] Referring to FIGURE 1A, a semiconductor bonding 
layer 14 is deposited outwardly from the outer surface of 
buried conductive layer 12 . Bonding layer 14 may 
comprise, for example, a layer of amorphous, intrinsic 
silicon which is deposited to a depth on the order of 
1000 Angstroms. Because layer 14 is left undoped as 
intrinsic silicon, layer 14 will act as an insulator and 
will not affect the performance of any interconnections 
formed in layer 12 . 

[0015] Referring to FIGURE IB, the SOI architecture is 
illustrated following the bonding of the outer substrate 
to the inner substrate 10 and following the exposure of a 
device semiconductor layer. FIGURE IB illustrates an 
outer substrate 16 which comprises a buried insulator 
layer 18 and a device layer 20. Buried insulator layer 
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18 may comprise, for example, on the order of 1000 
Angstroms of silicon dioxide. Device layer 20 may 
comprise, for example, on the order of 2000 Angstroms of 
single crystalline silicon. Layer 18 and the outer layer 
of layer 14 are bonded together using conventional SOI 
processes. Following this bonding process the outer 
surface of layer 20 is exposed and planerized. Suitable 
SOI processes that can be used to bond the two substrates 
and to expose layer 20 comprise the Smart Cut process 
developed by LETI and the Soitec Company and the Eltran 
process developed by Canon, Incorporated. 

[0016] The placement of bonding layer 14 provides 
an important advantage of having the bond between the two 
substrates be a silicon to silicon dioxide bond. This 
provides for a very cohesive and effective bond for the 
overall device. As such, a cohesive bond is provided in 
an architecture which also includes a buried conductive 
layer 12 which can act as a conductive plane or an 
additional layer of interconnect structures. 
[0017] FIGURE 1C illustrates a particular application 
of the SOI architecture of the present invention. In 
FIGURE 1C a trench indicated generally at 22 is etched 
into the outer surface of the SOI structure. Trench 22 
passes through device layer 16, buried insulator layer 
18, bonding layer 14, and buried conductor layer 12 and 
somewhat into the substrate layer 10 . Trench 22 is then 
filled with an insulative material such as silicon 
dioxide and the entire device is then planerized to form 
insulator well 24 as shown in FIGURE 1C . Insulator well 
24 defines low-loss region 26 which is distinguished from 
non-low-loss active regions 2 8a and 28b which abut the 
periphery of low-loss region 26. According to the 



TI-30333A 



PATENT APPLICATION 



9 

teachings of this embodiment of the present invention, 
active regions 28a and 28b serve as sites for active 
devices such as a field effect transistor indicated 
generally at 30 and a second field effect transistor 
indicated generally at 32 shown in FIGURE 1C . In 
comparison, low-loss region 26 serves as a site for the 
formation of a spiral inductor indicated generally at 34. 
Inductor 34 will typically be separated from the outer 
surface of region 26 by a suitable layer of insulative 
material such as oxide or nitride. 

[0018] FIGURE 1C therefore clearly illustrates the 
advantages of the ability to closely juxtapose inductive 
and non-inductive devices. The SOI architecture of the 
present invention allows for the active regions 2 8a and 
28b to serve as sites for field effect devices 30 and 32 
which benefit greatly from the underlying buried 
conductive layer 12 . The buried conductive layer 12 
provides for excellent thermal conductivity away from the 
devices 30 and 32. In addition, the buried conductor 
layer 12 provides shielding from the electronic fields 
associated with the inductive device 3 4 which may disrupt 
the operation of the devices 30 and 32. In contrast,- the 
inductive device 34 formed in low-loss region 26 is 
formed in an area of the SOI architecture which does not 
have buried conductor 12 underlying it. In this manner, 
the field lines associated with the inductive device 34 
do not intersect the buried conductor 12 which would 
result in the formation of parasitic currents which would 
degrade the performance of the device. It should be 
understood that the use of the field effect devices 30 
and 3 2 and the spiral inductor 34 are solely presented 
for purposes of teaching advantages of the present 
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invention which would be equally applicable if other 
active non-inductive devices and inductive devices or 
inactive structures such as transmission lines were 
presented . 

[0019] According to the embodiment shown in FIGURE 1C, 
the buried conductive layer 12 can be used as a 
continuous conductive plane underlying non-low-loss 
regions of the device or, as described previously, buried 
conductive layer 12 may be used as another level of 
interconnects which can similarly be removed from areas 
of the device underlying inductive structures. If layer 
12 is used as a continuous plane, it will be in direct 
contact with substrate 10. Alternatively, if layer 12 is 
used as a network of interconnects, isolation structures 
such as layers of oxide or nitride would be used to 
separate layer 12 from substrate 10. 

[0020] According to one embodiment of the present 
invention, buried conductive layer 12 may be used as a 
medium to communicate a supply voltage to the entire 
device. According to this embodiment of the present 
invention, substrate 10 may have a relatively low 
resistivity of on the order of 20Q-cm. Alternatively, 
the resistivity of substrate 10 could be set relatively 
high at greater than 500Q-cm and topside contacts could 
be made to buried conductive layer 12 to provide for 
supply voltage contacts. The ability to use a high 
resistivity material for substrate 10 allows for further 
performance gains for devices formed in inductive region 
26. As can be seen in FIGURE 1C, the field lines 
associated with the inductive device 34 pass through the 
insulative well 24 and into the substrate 10. As such, 
the higher the resistivity of the substrate 10 the lower 
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the parasitic current losses will be during operation of 
device 34. 

[0021] Although the present invention has been 
described in detail, it should be understood that various 
changes, alterations, substitutions and modifications may 
be made to the teachings described herein without 
departing from the spirit and scope of the present 
invention which is solely defined by the appended claims. 



